Introduction
Uric acid (UA) level is a well known and significant indicator of certain diseases such as gout, hyperuricaemia, and Lesch-Nyhan syndrome. [1] [2] [3] [4] Many types of UA sensors have been developed and commercialized in medical diagnostics for daily health monitoring; for example, colorimetry, spectrophotometry, and chromatography have been employed as analytical methods. 5 Among the other methods, electrochemical techniques typically are more selective, less expensive, less time-consuming, and can be potentially applied to real time determination in vivo.
Voltammetric UA sensing typically suffers from interference from ascorbic acid (AA) because UA has an oxidation potential close to that of AA. Hence, in the electrochemical field, researchers have developed and demonstrated many types of sensors for UA determination even when AA is present. In general, two types of approaches have been reported: surface modification and improvements in the electrode material itself. Surface modifications are based on the immobilization of enzyme uricase, [6] [7] [8] or the modification of a UA sensing matrix layer. 9 On the other hand, activated electrodes, 10 diamonds 11 and carbon nanotube electrodes 12 have been employed as novel electrode materials.
In this research, we focused on the selective oxidation of AA by Cu(II). 13, 14 Further, by exploiting the well-known fact that Cu(II) oxidizes AA selectively even though UA coexists in the solution, we have discovered a novel UA detection method. In our method, a copper-modified carbon electrode is first prepared by electrolysis for application as the sensor electrode.
Dissolution of metallic copper on the (carbon) electrode is then performed by applying an anodic potential, and Cu(II) is locally supplied provided to the adjacent surface. The selective oxidation of AA is performed by the dissolved Cu(II). In this manner, UA can be detected selectively because AA becomes an electrochemically inactive molecule due to the oxidation by Cu(II). The scheme for our electrochemical-selective UA detection system is shown in Fig. 1 .
We will now describe the development of the novel UA sensor and our experimental investigations into its applicability.
Experimental

Reagents and materials
UA, AA, and copper(II) chloride dihydrate were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan); all reagents were guaranteed pure grade. The uric acid (UA) level in (human) serum is an important indicator of several diseases; however, its electrochemical detection is difficult because the oxidation potentials of UA and ascorbic acid (AA) are very close. In this study, we have developed a simple and efficient UA detection method using a copper-modified carbon electrode. The detection principle is based on the selective oxidation of AA by Cu(II), wherein Cu(II) reacts selectively with AA but not with UA. By performing this specific reaction on an electrode surface, we have successfully distinguished the oxidation potential of UA without AA interference. 
Electrochemical fabrication of sensor electrode and electrochemical measurements
Electrochemical experiments were performed using an electrochemical analyzer (HZV-100, HOKUTODENKO, Tokyo, Japan). The three-electrode system consisted of the carbon sheet working electrode (5 × 5 mm), a platinum wire counter electrode and an Ag/AgCl reference electrode (3 M-NaCl), to which all potentials were referred. Copper chloride was dissolved in a 5-ml KCl solution to a final concentration of 1 mM. Electrochemical copper plating was controlled by applying -300 mV vs. Ag/AgCl for 1 min. Electrochemical copper dissolution from the electrode surface was controlled by applying +100 mV for 30 s. For the electrochemical detection of UA, phosphate buffer saline (PBS) solution (0.1 M, pH 7.4) was used as the electrolyte solution.
Electrochemical measurements of UA were conducted using linear sweep voltammetry (LSV) with a potential sweep speed of 50 mV s 
Results and Discussion
The present UA sensor is based on the selective oxidation reaction in which Cu(II) oxidizes AA selectively and excludes UA. In order to confirm the AA oxidation with the dissolved copper ions from the electrode surface, we performed LSV measurements in AA solution (Fig. 2 ). An anodic current peak was observed at 370 mV with the bare carbon electrode ( Fig. 2 ; dotted line). On the other hand, the anodic current peak drastically decreased with the copper-deposited electrode ( Fig. 2; solid line) . The data indicate that the AA molecule was oxidized from Cu(II) supplied by copper deposited on the electrode via electrolytic oxidation. Therefore, the oxidized AA becomes an electrochemically inactive molecule, and hence no AA can be detected electrochemically.
On the basis of the above results, we performed LSV measurements in a solution that included both AA and UA.
Linear sweep voltammograms (LSVs) for various concentrations of AA and UA in the mixture were plotted; the results are shown in Fig. 3 . When the AA concentration was maintained constant at 10 mg/dL, the UA concentration increased from 1 to 8 mg/dL; further, the oxidation peak current of UA increased with the UA concentration. In contrast, when the AA concentration was decreased to 5 mg/dL, the peak current of UA remained constant. Further, the calibration curve demonstrated that, although the sample solution contained AA, UA was positively proportional to its concentration. The resultant calibration curve showed excellent linearity, with R 2 = 0.9925. The determination limit (DL) and quantitation limit (QL) were 0.64 and 1.93 mg/dL, respectively. A small shoulder peak was observed at 250 mV vs. Ag/AgCl. The oxidation peak has been described in the literature as follows: Cu(II) is reduced by AA to become Cu(I), and the Cu(I) then forms a Cu(I)-UA complex that precipitates onto the electrode surface. 15, 16 These data lead us to the conclusion that the method detects the UA concentration selectively without interference from AA.
This detection method detects UA with selectivity by using the selective oxidation of AA with Cu(II). The mechanism of selective oxidation is considered to be as follows. AA has a five-member ring structure with two adjacent hydroxyl groups. In the neutral solution, the two hydroxyl groups became strong electron donors because of the deprotonation of AA. The AA oxidation is caused by an adjacent hydroxyl group acting as an electron donor. On the other hand, UA does not have such strong electron donors. The electron donating group of AA reacts with Cu(II), thereby leading to selective oxidation of AA.
Conclusions
In order to detect UA selectively, we have developed a novel UA sensor using a copper-modified carbon electrode. Our sensor is based on a specific reaction between Cu(II) and AA. When AA is oxidized by copper ion, AA selectively becomes an electrochemically inactivated molecule. We experimentally demonstrated that the present sensor can perform UA detection without AA interference. Sensitivity to the UA concentration was achieved over a range of 1 to 8 mg/dL, which is the reference range of UA concentrations. The present method has selectivity even though enzymes are not utilized; this implies that the present sensor has very long-term storage capability. Moreover, our novel sensor can simply and easily modify electrodes, and has practical applications as a sensor for medical diagnostics.
